Herpes simplex viruses that lack ICP34.5 are neuroattenuated and are presently being considered for cancer and gene therapy in the nervous system. Previously, we documented the focal presence of the latency-associated transcripts (LATs) in the hippocampi of immunocompromised mice after intracranial (IC) inoculation of an ICP34.5-deficient virus called strain 1716.
Herpes simplex viruses that lack ICP34.5 are neuroattenuated and are presently being considered for cancer and gene therapy in the nervous system. Previously, we documented the focal presence of the latency-associated transcripts (LATs) in the hippocampi of immunocompromised mice after intracranial (IC) inoculation of an ICP34.5-deficient virus called strain 1716.
To characterize further the biological properties of strain 1716 in the CNS of immunocompetent mice, we determined the extent of viral gene expression in different cell types and regions of the CNS after stereotactic IC inoculation of this virus. At survival times of Ͼ30 d after inoculation, we found that (1) infectious virus was not detectable by titration and immunohistochemical studies; (2) neurons harbored virus as demonstrated by the detection of the LATs by in situ hybridization (ISH); (3) transcripts expressed during the lytic cycle of infection were not detected by ISH; and (4) subsets of neurons were selectively vulnerable to latent infection, depending on the site of inoculation. These results suggest that the absence of ICP34.5 does not abrogate latent infection of the CNS by strain 1716. Additional studies of strain 1716 in the model system described here will facilitate the elucidation of the mechanisms that regulate the selective vulnerability of CNS cells to latent viral infection and lead to the development of ICP34.5 mutant viruses as therapeutic vectors for CNS diseases.
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All herpes viruses are characterized by the ability to establish latent infections in their natural hosts. Herpes simplex virus type 1 (HSV-1) is a double-stranded DNA virus that has the capacity to form lytic and latent infections in neurons of the peripheral nervous system (PNS) and CNS of humans (their natural hosts) and numerous animals. Although lytic infection occurs in both neuronal and non-neuronal cells, latent infection occurs predominantly in neurons (Tenser et al., 1991) . During latent infection of experimental animals, the genes of the viral lytic infection are transcriptionally silent, and only a small number of latencyassociated transcripts (LATs) are expressed (for review, see Fraser et al., 1992) . The contributions of viral and host factors, as well as the molecular mechanisms by which these factors influence the establishment, maintenance, and reactivation of latency, have been the subject of intense research during the past two decades. Many clinical and experimental reports suggest that there is differential replication and spread of HSV in the CNS, with a propensity for infection of the limbic system (Anderson and Field, 1983; Neeley et al., 1985; Stroop and Schaefer, 1986; McFarland and Hotchin, 1987; Roizman and Kaplan, 1992; Barnett et al., 1993) . Although HSV DNA has been detected in the trigeminal ganglion and brainstem of humans (Fraser et al., 1981) , only recently, with use of sensitive PCR techniques (Nicoll et al., 1993; Baringer and Pisani, 1994) , has HSV DNA been detected in the human CNS rostral to the brainstem.
We have shown recently that strain 1716, a neuroattenuated form of HSV-1 strain 17 ϩ , can infect CNS neurons in immunocompromised nude mice after IC inoculation, as evidenced by the presence of LATs by in situ hybridization (ISH) studies (Kesari et al., 1995) . Strain 1716 has a 759 bp deletion in both copies of the ICP34.5 gene (see Fig. 1 ) (MacLean et al., 1991) . To gain further insights into the pathogenicity of strain 1716 and the vulnerability of cells to latent infection, the present study was undertaken to characterize the state of strain 1716 in immunocompetent mice (Balb/c) after stereotactic IC inoculation of this virus. At Ͼ30 days after inoculation, we found that (1) infectious virus was not detectable by titration and immunohistochemistry (IHC); (2) neurons harbored virus as demonstrated by the presence of the LATs by ISH; (3) transcripts indicative of a lytic infection (i.e., ICP4, TK, gC, VP5, ICP34.5) were not detected by ISH; and (4) neurons exhibited a selective vulnerability to latent infection depending on the site of inoculation. These studies suggest that although the replication of strain 1716 is restricted in the murine CNS, it can establish a latent infection in selectively vulnerable CNS neurons. This implies that the ICP34.5 gene product is not essential for the establishment or maintenance of latency in the CNS. Accordingly, further studies of the model system described here will facilitate the elucidation of mechanisms that regulate latent viral infection of selectively vulnerable CNS cells.
MATERIALS AND METHODS
Virus stocks. To produce virus stocks, subconfluent monolayers of baby hamster kidney 21 clone 13 (BHK) cells were infected with HSV strains 1716 or 1771 or with parental strain 17 ϩ . Strain 1716 has a mutation (deletion) in both copies of the ICP34.5 gene (MacLean et al., 1991) (Fig. 1C) . Strain 1771 has a single stop codon 9 bp downstream of the ATG in both copies of the ICP34.5 ORF (McKie et al., 1994) . Virus was concentrated from the culture, titered on BHK cells by plaque assay, stored at Ϫ70ЊC in 0.5 ml aliquots of viral culture medium (MEM containing penicillin and streptomycin), and thawed rapidly just before use, as described previously (Spivack and Fraser, 1987; ValyiNagy et al., 1992) . Virus FgD␤ (Sodora et al., 1991) is deficient in glycoprotein D, and virus d27-1 (Rice and Knipe, 1990 ) is deficient in ICP27.
Viral inoculation. Four-to six-week-old Balb/c mice obtained from HSD (Indianapolis, IN) were anesthetized with ketamine/xylazine (87 mg/kg ketamine, 13 mg/kg xylazine). After the heads of the mice were cleansed with 70% ethanol, a Hamilton syringe with a 30 gauge removable needle was used to inject the appropriate amount of virus (10 5 -10 6 PFU in 5 l) into the brain at coordinates that corresponded to different anatomical locations (i.e., cortex, hippocampus, caudato-putamen, posterior fossa, olfactory bulb), using a small animal stereotactic apparatus (Kopf Instruments, Tujunga, CA) as described previously (Kesari et al., 1995) . The injection was performed for 3 min. The needle was left in place for 3 min after the injection, after which time it was withdrawn slowly over 1 min, as described previously (Kesari et al., 1995) . In pilot studies, injection of trypan blue dye was used to confirm the location of the injection sites and to assess leakage. For corneal infections, mice corneas were scarified and inoculated with 1 ϫ 10 6 PFU of virus, as described previously (Spivack et al., 1995) .
Titration of virus from brain. Mice that were intracranially inoculated into the caudato-putamen with 1 ϫ 10 6 PFU (in 5 l) of strain 17 ϩ or 5 ϫ 10 5 PFU (in 5 l) of strain 1716 were killed by lethal injection of anesthesia. The brains were removed from mice that were killed on different days after viral inoculation (days 0, 1, 3, 5, 30), quick-frozen in liquid nitrogen, and stored at Ϫ70ЊC. The samples from the different time points were thawed rapidly in a 37ЊC water bath, and the tissue was homogenized in viral culture medium at a 10% w/v ratio using a Pyrex Ten Broeck tissue grinder (Bellco Glass, Vineland, NJ). The homogenates were centrifuged at 3,000 ϫ g for 10 min at 4ЊC, the supernatant was diluted logarithmically in media, and the viral titer of each sample was determined by plaque assay on BHK cells (Spivack and Fraser, 1987) . When stock virus is used for this procedure, there is always a consistent drop in the viral titer of approximately two log-fold compared with the expected titer (approximately one log is lost in the freeze-thaw step, and one log is lost in the homogenization steps). (Yeh and Schaffer, 1993) . E, The location of the LAT-specific BstEII-BstEII probe used for in situ detection of HSV-specific latent gene expression and of one of the 759 bp deletions in strain 1716. Nucleotide positions are based on DNA sequence analysis of Perry and McGeoch (1988) .
IHC procedures.
The whole bodies of the mice were transcardially perfused with PBS and fixed with 4% paraformaldehyde (0.1 M PBS, pH 7.4). The brains and trigeminal ganglia were then dissected for histological and IHC analysis. The methods for tissue processing and light microscopic IHC analysis were similar to those described elsewhere (Trojanowski et al., 1993) . Rabbit polyclonal antisera to HSV-1, which detects the major glycoproteins present in the viral envelope and at least one core protein (Dako, Carpinteria, CA), was used at a dilution of 1:2000 to detect replicating virus (Adams et al., 1984) . Viral antigenexpressing cells were detected by the indirect avidin-biotin immunoperoxidase (Vectastain ABC Kit, Vector Labs, Burlingame, CA) method with 3, 3Ј-diaminobenzadine as the chromagen. The spread of virus in all animals was monitored by screening every tenth coronal section through the entire brain with the HSV antibody.
ISH for HSV-1-specific gene expression. Sections of perfused and fixed tissue were mounted on slides, and ISH was performed to detect viral gene expression, as described previously (Deatly et al., 1988; ValyiNagy et al., 1994) . The LAT probe BstEII-BstEII subfragment (0.9kb) of BamHI B (Fig. 1E) , the 3.4 kb BamHI fragment from plasmid LE578 containing the TK probe, the BamHI-Y fragment from plasmid pRB113 containing the ICP4 probe, the EcoRI-BamHI fragment I/I (KOS) from plasmid pBR322 containing the gC probe, the BamHI fragment aЈ (KOS) from plasmid pBR322 containing the VP5 probe, and the BamHI SP fragment from plasmid pRB115 containing the ICP0, ICP4, and ICP34.5 probes were isolated from restriction digests by gel electrophoresis and purified by GeneClean (Bio 101, La Jolla, CA (see Fig. 1 ) (Valyi-Nagy et al., 1991 . DNA probes were nick-translated and separated from unincorporated nucleotides by passage through Sephadex G-50 spin columns (Pharmacia, Piscataway, NJ) (Deatly et al., 1988) . The specific activities of the probes were ϳ1 ϫ 10 8 -5 ϫ 10 8 cpm/g DNA. Serial tissue sections were hybridized with one of the following 35 S-labeled HSV probes: LAT, ICP4, TK, gC, or VP5. In all ISH experiments, sets of slides from each animal were exposed for 3, 5, 7, and 10 d.
RESULTS

Recovery of infectious virus after IC inoculation of strain 1716 in immunocompetent Balb/c mice
To determine whether infectious virus was present after IC inoculation of strain 1716, we performed experiments in immunocompetent Balb/c mice. Accordingly, 15 mature (6 week old) Balb/c mice were stereotactically inoculated in the brain with 5 ϫ 10 5 PFU of strain 1716, and three of these mice were killed at each of five different times (i.e., at 0, 1, 3, 5, and 30 d after inoculation). As in nude mice, titerable strain 1716 virus could not be recovered 3 d after inoculation, and there were no signs of any obvious disease during the subsequent 30 d period (Kesari et al., 1995) (Fig. 2) . Although this does not formally exclude the possibility of a low-level persistent viral infection, viral antigens could not be detected on any sections of brains from latently infected mice that were used for IHC (see below). In contrast, the recovery of infectious strain 17 ϩ virus after IC inoculation increased with time and exceeded the input inoculum (Fig. 2) . Strain 17 ϩ -infected mice showed the characteristic symptoms of encephalitis: i.e., ruffled fur, hunching, limb paralysis, lethargy, and death.
Presence of LAT-expressing, antigen-negative cells in the CNS of mice infected with strain 1716
To determine whether strain 1716 could be detected at times when latent infection occurs (Ͼ30 d after inoculation), five mature (6-week-old) Balb/c mice were stereotactically inoculated with 5 ϫ 10 5 PFU of strain 1716 and were killed at day 45 after inoculation. Brains were harvested and processed as described in Materials and Methods. IHC, using a polyclonal antibody specific ϩ in the CNS, Balb/c mice were injected intracranially with either 5 ϫ 10 5 PFU of 1716 (squares) or 1 ϫ 10 6 PFU of 17 ϩ (circles). At the times indicated, mice were killed, and the brains were frozen in liquid nitrogen and stored at Ϫ70ЊC. Specimens were thawed rapidly and homogenized, and viral titration was performed in triplicate on BHK cells. Mice were killed at the times shown and processed as described in Materials and Methods. Each point is the mean of either three mice (for strain 1716) or two mice (for strain 17 ϩ ); error bars represent SEM.
to HSV, revealed that HSV-antigen staining was absent throughout the brains of these mice, indicating a lack of a persistent, low-level viral infection (Fig. 3A) , but ISH on serial sections for the LATs, using a 35 S-labeled LAT-specific BstEII-BstEII probe (Fig. 1E) , revealed the presence of a large number of cells with a strong, nuclear-localized ISH signal (LAT ϩ cells; Fig. 3B ). This signal was predominantly in neurons (as determined by morphology and location of these cells in neuron-rich gray matter areas). The expression levels of LATs varied among cells in a given area (Fig. 3C) . As a positive control, inoculation of 1 ϫ 10 6 PFU of strain 17 ϩ virus revealed the presence of antigen-positive and LAT ϩ cells at 3 d after inoculation (Fig. 3D-F) . The number of LAT ϩ cells is higher in the CNS after IC inoculation with strain 1716 (Fig. 3C ) compared with the number of LAT ϩ cells that can be found in the CNS by peripheral (via eye) inoculation of wild-type strain 17 ϩ virus (quantitation not shown) (Fig. 3G ) (Deatly et al., 1988) . Because the deletion in strain 1716 encompasses four genes, we used another engineered virus strain, whose only deficiency is in ICP34.5 (strain 1771), to determine whether the absence of ICP34.5 alone would allow for LAT expression during latency (McKie et al., 1994) . Strain 1771 does not synthesize ICP34.5 protein and should have a minimal effect on the LATs and other neighboring transcripts. Also, the LD 50 of strain 1771, like strain 1716, is Ͼ10 6 PFU (McKie et al., 1994) . The same profile of gene expression for strain 1716 is observed for strain 1771 at day 45 after inoculation, implying that this phenomena is attributable to a specific deficiency of ICP34.5 and not to an effect of the deletions in orfP, LAT, or L/STs.
To determine whether the large number of LAT ϩ cells observed is specific for ICP34.5-deficient viruses or for the inoculation route, we performed similar inoculations with two other attenuated viruses that are deficient in other viral genes: FgD␤ (five mice) and d27-1 (three mice). With both viruses, mice showed symptoms of disease for the first week, and none of five FgD␤-and one of three d27-1-infected mice died during this time.
The survivors were killed at day 30, and ISH for LAT was performed on sections of brains. Only a few LAT ϩ cells (Ͻ5 cells/section) were found in the FgD␤-infected mice, and none were detected in d27-1-infected mice. This suggests that the latency phenomena described above is specific for ICP34.5-deficient viruses and not for the inoculation route.
Lytic cycle viral transcripts are not detectable by ISH in LAT
؉ cells
Because others have speculated about and reported on the presence of a low level of ␣ gene expression in the mouse PNS during latency (Kosz-Vnenchak et al., 1993; Kramer and Coen, 1995) , and to exclude the possibility of a persistent infection, we determined the extent of viral gene expression in the CNS (Fig. 4) . We used ISH to document that the three classes of viral transcripts were not expressed in strain 1716-infected mice at latent times. Tissue sections from strain 17 ϩ -infected mice were used as positive controls (Fig. 4F-O) . In all ISH experiments, serial tissue sections were exposed for 3-10 d. Using nick-translated 35 Slabeled DNA probes for the LAT, ICP4, TK, VP5, gC, and ICP34.5 genes to examine serial sections of brains from strain 1716-infected mice, we showed that these brains were positive for the LATs but negative for the lytic transcripts [ICP4, TK (not shown), VP5, gC, ICP34.5, and the L/STs] (Fig. 4A-E) ; however, this does not exclude the possibility of a low level of IE or E gene expression that is beyond the detection level of our ISH technique.
Distribution of LAT
؉ cells is dependent on the site of inoculation Four-to six-week-old old Balb/c mice were stereotactically inoculated with 5 ϫ 10 5 PFU of strain 1716 and separated into groups on the basis of the site of inoculation (olfactory bulb, cortex, caudato-putamen, hippocampus, and posterior fossa). Mice were killed at day 45 after inoculation, and the brains were harvested and processed for IHC and ISH. Screening of sections using the HSV polyclonal antibody revealed that there were no antigenpositive cells in any of these mice; however, ISH using the LAT probe revealed the presence of LAT ϩ cells, and the distribution of these cells was dependent on the site of inoculation (Fig. 5) .
In mice inoculated in the olfactory bulb, LAT ϩ cells could be detected in the hippocampus, caudato-putamen, thalamus, and brainstem (Figs. 5B, 6 ). In mice inoculated in the cortex, LAT ϩ cells could be detected in the olfactory bulb, cortex, caudatoputamen, cerebellum, and brainstem (Fig. 5C ). In mice inoculated in the caudato-putamen, abundant LAT ϩ cells were found in the olfactory bulb, hippocampus, cortex, caudato-putamen, and brainstem (Figs. 5D, 7) . In mice inoculated in the hippocampus, LAT ϩ cells could be detected in the cortex, caudato-putamen, hippocampus, cerebellum, and brain stem (Fig. 5E ). In mice inoculated in the posterior fossa, LAT ϩ cells could be detected in the caudato-putamen, brainstem (including the trigeminal nuclei), and trigeminal ganglion of the PNS (Figs. 5F, 8) . Table 1 is a semi-quantitative summary of the distribution of LAT ϩ cells after inoculation at the different sites. In all cases, LAT ϩ cells were present in the brainstem, and very few cells were detected in the cerebellum after posterior fossa inoculation (none were detected in the Purkinje cell layer). Interestingly, in the olfactory bulb injections, no LAT ϩ cells were found in the bulb itself. This suggests that there is a selectivity to latent infection beyond the simple issue of access of virus to cells. Furthermore, even in LAT ϩ areas, not all cells were positive, although they had access to the inoculum.
DISCUSSION
The studies presented in this report document the detection of latent virus (as defined by LAT expression in the absence of lytic viral gene expression) in the CNS of immunocompetent mice after IC inoculation of an ICP34.5-deficient HSV-1. This is a particularly important finding, because viruses of this type are being considered for use in gene and cancer therapy in the CNS of humans. The CNS latency model presented here will be useful for studying many aspects of HSV biology in the CNS in natural and therapeutic settings.
Previous reports have shown that strain 1716 is neuroattenuated (MacLean et al., 1991; McKie et al., 1994; Kesari et al., 1995) . Spivack et al. (1995) studied the latency and replication characteristics of strain 1716 in the PNS using a mouse eye model. They report that strain 1716 does form a latent infection, as shown by the expression of LATs (detected by ISH), but cannot be reactivated by the explant co-cultivation method (Spivack et al., 1995) . Although the deletion in strain 1716 encompasses at least four potential genes (ICP34.5, LATs, L/STs, and orfP), the neurovirulence phenotype seems to be the result of the ICP34.5 gene (McKie et al., 1994) . Likewise, the latency phenotype described here is also attributable to the specific absence of ICP34.5, because a stop codon insertion into the ICP34.5 ORF (strain 1771) had the same phenotype as strain 1716.
Functions of ICP34.5
The ICP34.5 gene encodes a 263 amino acid acidic protein that has homology to the cellular genes MyD116 and GADD34 (Chou et al., 1990; McGeoch and Barnett, 1991; Chou and Roizman, 1994) . It is thought to act by inhibiting the cessation of protein synthesis associated with programmed cell death in some nonpermissive, dividing cells (i.e., in SK-N-SH human neuroblastoma cells) by regulating the interferon-inducible PKR pathway Roizman, 1992, 1994; Chou et al., 1995) ; however, the specific mechanism by which the absence of ICP34.5 confers the neuroattenuation property is not clear. We show here that although the absence of ICP34.5 precludes high titer viral replication in the CNS, it does not preclude latent infection. This is in agreement with the model of the establishment of latency in which latency is established early or before the establishment of the lytic replication cycle (Steiner et al., 1990; Simmons, 1991, 1992) . Furthermore, we show that ICP34.5, orfP, and L/STs are not required for the establishment or maintenance of latency in CNS after IC inoculation. This is in agreement with parallel studies of ICP34.5-deficient viruses in the PNS (Whitley et al., 1993; Spivack et al., 1995) . We also speculate, on the basis of the fact that the phenomena described here is specific for ICP34.5-deficient viruses, that ICP34.5 may play a role in the establishment of latency in the IC inoculation model.
Distribution of LAT ؉ cells
The mechanisms for the selective vulnerability of neurons to various pathogens or disease processes is not well understood (for review, see Johnson, 1980; Schreiber and Baudry, 1995) , and the selective distribution of LAT ϩ cells in the brain as detected in these studies may be attributable to several factors. These include the connectivity of the inoculated areas, diffusion or leakage of the initial inoculum, possible low-level replication that is beyond our ISH or IHC detection level, differences in the level of LAT gene expression in different neurons, migration and turnover of cells, and other unknown viral and host factors. Intra-axonal transport of virus is the major mechanism of virus spread in the PNS and CNS (Cook and Stevens, 1973; Ugolini et al., 1987) . After primary infection in humans, the virus travels from peripheral epithelial cells of the skin to the trigeminal ganglion (PNS) and then into the brainstem and rostral CNS. The possibility that the virus could travel back from the CNS to the PNS has been a subject of speculation, but no experimental evidence has ever demonstrated this conclusively (Sekizawa and Openshaw, 1984; Roizman and 
Two sections from each area were used to count and average the number of LAT ϩ cells. Olf, Olfactory bulb and tract; Ctx, cortex; Stm, striatum; Dcp, diencephalon; Hipp, hippocampus; Bstm, brainstem; Cere, cerebellum; TG, trigeminal ganglion. ϩ, Ͻ10 cells/section; ϩϩ, 10 -25 cells/section; ϩϩϩ, 25-50 cells/section, ϩϩϩϩ, Ͼ50 cells/section. Kaplan, 1992; Whitley and Lakeman, 1995) . The finding of LAT ϩ cells in the trigeminal ganglion after the posterior fossa injections, to our knowledge, is the first experimental report of HSV-1 traveling from CNS to PNS to establish latency. This is presumed to be attributable to intra-axonal transport after infection of the brainstem trigeminal nuclei, but we cannot formally exclude the unlikely possibility of spread via the cerebrospinal fluid (Boerman et al., 1992) . In pilot experiments to confirm anatomical location, leakage of the inoculum was minimal, as assessed by injection of trypan blue dye. Certainly, CSF spread or diffusion alone would not account for the differences in the distribution of LAT ϩ cells in the different inoculation sites.
We used immunocompetent mice because of evidence that a low level of persistent infection may occur with some neuroattenuated strains in immunocompromised mice (Valyi-Nagy et al., 1992 . The titration data (Fig. 2) , in addition to the IHC and ISH (Figs. 3, 4) data for viral antigens and acute transcripts, respectively, suggest that it is unlikely that strain 1716 replicates at a low level in immunocompetent mice during latent times. Infectious strain 1716 was recovered during the first 3 d after inoculation, however, and this suggests that there may be limited replication during this early time (Fig. 2) , which may contribute to the distribution pattern of the LAT ϩ cells seen at latent times. In contrast to these experimental results showing latent virus in many different areas of the CNS (Figs. 5-8) , it is interesting to note that there seems to be a preference for HSV to infect the limbic system in humans (Roizman and Kaplan, 1992) . Also, human CNS lytic infection involves neurons and glial cells (Schmidbauer et al., 1989; Roizman and Kaplan, 1992) . Although LAT ϩ cells were not present throughout the whole brain in neuronal and non-neuronal cells, we cannot exclude the possibility that viral DNA is present in these cells in the absence of any detectable gene expression (at least as detectable by ISH), as suggested by studies using in situ PCR techniques (Ramakrishnan et al., 1994a,b; Mehta et al., 1995) . Many host cell factors, such as the ability to activate viral genes (Mitchell, 1995) , may be crucial to the selective vulnerability of cells to latent infection. Thus our ISH data may under-represent the actual distribution of HSV in these studies.
Another speculative factor accounting for the distribution pattern is based on the fact that there are populations of cells in the adult CNS that divide, migrate, and differentiate (e.g., subependymal cells) (Reynolds and Weiss, 1992; Gage et al., 1995) . Infection of these cells will give a pattern unexpected by the simple issue of connectivity. This hypothesis will have to be addressed in the future, using marker studies.
The simplest interpretation of the LAT ϩ cell distribution data is that the different distribution patterns of LAT ϩ cells reflect differences in the neuronal connectivity of these regions or access of virus to cells. In areas with LAT ϩ neurons, however, not all neurons were LAT ϩ , and at the inoculation site (e.g., olfactory bulb and cerebellum), neurons often were not LAT ϩ (Table 1) . Also, the level of LAT expression is variable among individual neurons in a given region (Figs. 3, 6 -8) . Thus, viral and neuronal factors may act synergistically or independently to determine the expression of the LATs, which may in turn indicate the selective vulnerability of subsets of CNS neurons to latent infection.
Latency in the CNS
There are several operational definitions of HSV latency, including (1) the ability to persist in the host in the absence of clinical manifestation; (2) the ability to reactivate and recover infectious virus from a latent state; (3) the presence of viral genome in the absence of viral antigens or RNA; and (4) the expression of LATs in the absence of lytic viral gene expression and proteins (Roizman and Sears, 1993) . In these studies, we used the fourth definition as a criterion for latent HSV-1 infection. Although there are several good animal models for studying the mechanism of viral latency in the PNS (for review, see Fraser et al., 1991) , the current models for studying viral latency in the CNS are of limited use because of the low number of CNS cells that are latently infected after peripheral or intracranial inoculation of wild-type viruses (Rock and Fraser, 1983; Deatly et al., 1988; Martin and Suzuki, 1989; Lynas et al., 1993) . Latent viral DNA has been detected in the rostral CNS, but high levels of LAT expression were not detectable in other experimental models of latency (Rock and Fraser, 1983; Ramakrishnan et al., 1994a,b ). In the model described here, we detected a large number of cells expressing the LATs by ISH in mice infected with strain 1716 but not with two other attenuated viruses. The ability of strain 1716 to form a latent infection in many types of neurons in the CNS after direct IC inoculation suggests that sensory neurons of the PNS are not unique with respect to the ability of HSV to form a latent infection and to produce the LATs. Because sensory neurons are more easily accessible than CNS neurons during a natural infection in man and experimental animals, additional studies of the model system described here will facilitate the elucidation of the mechanisms of latent CNS infection. In addition, this model is amenable to many neurobiological techniques for studying the physiology of acutely and latently infected neurons in vivo.
Uses of neuroattenuated HSV
The use of neuroattenuated HSV-1 strains has been proposed for gene therapy and cancer therapy in the CNS (Kesari et al., 1995; Lawrence et al., 1995) . This study suggests two important uses of strain 1716 as a vector for gene transfer and gene therapy studies. The ability of strain 1716 to form a latent infection in a large number of CNS cells after IC inoculation suggests its potential to transfer genes into postmitotic neurons of the adult mouse. This would be an efficient technique to transfer and express proteins in neurons in vivo to study function. Thus, it is necessary to determine whether different neuroattenuated strains replicate to high titers in the CNS, cause morbidity or death, or produce latent infection (Kesari et al., 1995) . The long-term sequelae of latency in the CNS is an important facet of the HSV life cycle to study, especially in reference to the use of HSV as a vector in the CNS. In our studies of nude mice and immunocompetent mice of several different backgrounds, the animals survived for Ͼ6 months after IC inoculation without any signs of morbidity (Kesari et al., 1995) (our unpublished observations). Thus, these studies suggest that strain 1716 (and possibly other neuroattenuated viruses) has potential as a highly efficient gene transfer vector for CNS neurons for the treatment of diffuse CNS diseases.
